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6.3B DESIGN CONSIDERATIONS FOR HIGH-POWER VHF RADAR TRANSCEIVERS : 
THE POKER FLAT MST RADAR PHASE CONTROL SYSTEM 
W. L. Ecklund and P. E. Johnston 
Aeronomy Laboratory 
National Oceanic and Atmospheric Administration 
Boulder, CO 80303 
Sixty-four separa te  50-kW peak-power t r ansmi t t e r s  a r e  d i s t r i b u t e d  through- 
out the  200 x 200 meter Poker F l a t  MST radar  antenna array.  The r e l a t i v e  phase 
of each t ransmi t te r  i s  automatically cont ro l led  by a 64-channel uni t  located i n  
the  main bui ld ing  a t  the edge of the antenna. 
phase cont ro l  u n i t  and present severa l  photographs which show how the con t ro l l e r  
i s  constructed.  
In t h i s  no te  w e  descr ibe  the 
The Poker F l a t  antenna cons i s t s  of 4, 100 x 100 meter coaxia l  d ipole  a r rays  
wi th  superimposed orthogonal elements. Each po la r i za t ion /qua r t e r  c o n s i s t s  of 32 
s t r i n g s  of 48 dipoles each, and each set of 4 s t r i n g s  i s  driven by a separa te  
t ransmi t te r .  
cont ro l  u n i t  described here  cons is t s  of 8 s e t s  of 8-channel rack-mounted modules 
a l l  interconnected. One 8-channel module con t ro l s  the 8 t r ansmi t t e r s  i n  a 
s ing le  polar iza t ion /quar te r .  
shown i n  Figure 1. Figure 2 shows an ind iv idua l  8-channel con t ro l l e r  wi th  cover 
removed. 
paragraphs. 
channel of the  phase con t ro l l e r .  A sample of the RF outpulse pulse from a 
t r ansmi t t e r  located i n  the antenna a r r ay  i s  obtained from the  bu i l t - i n  
d i r e c t i o n a l  coupler and sen t  t o  the phase con t ro l  un i t  v i a  a phase-matched 256- 
meter coaxia l  cable ( the  "cable radar" used t o  phase match the  cables from 64 
t r ansmi t t e r s  i s  described i n  paper 6.3C, p. 427, t h i s  volume 1. The RF pulse 
sample from each t r ansmi t t e r  i s  brought t o  the  top of the  phase-controller 
rack. Carefully measured sec t ions  of RG-58 (0 cable in Figure 3 )  extend from 
the  rack-top f i t t i n g s  t o  the channel inputs  on the  back of each 8-channel 
module. These sec t ions  determine the r e l a t i v e  phase s h i f t s  of a l l  the trans- 
m i t t e r s  and determine the transmitted bem zen i th  angle. A phase re ference  
pulse i s  derived from the t r ansmi t t e r  master o s c i l l a t o r  and i s  divided f i r s t  i n  
an  8-way power s p l i t t e r  which feeds each of t h e  e ight  rack-mounted modules. The 
re ference  i s  again s p l i t  B-ways in s ide  each module so t h a t  each channel ob ta ins  
a phase-matched re ference  pulse (0 re ference  i n  Figure 3). 
d r i v e  pulse i s  a l s o  s p l i t  64 ways and fed  t o  the vol tage  cont ro l led  phase 
s h i f t e r  i n  each channel. 
(Figure 3 )  and compared with the  phase re ference  i n  a mixer. 
i s  low-pass f i l t e r e d  and sampled near the center  of the r e su l t i ng  video pulse by 
an amplifying sample-and-hold in t eg ra t ed  c i r c u i t .  
maintaining the  mixer output pulse near zero v o l t s  by amplifying the  sample-and- 
hold output which then dr ives  the voltage-controlled phase s h i f t e r  i n  the 
d i r e c t i o n  t o  n u l l  t he  mixer output. 
over 360" phase s h i f t  i n  the  range from 0.7 t o  24 v o l t s .  
the  s h i f t e r  t racks  t o  e i t h e r  vo l tage  l i m i t  the  wrap-around cont ro l  resets the  
vol tage  so t h a t  the  s h i f t e r  i s  always opera t ing  wi th in  i t s  cont ro l  range. 
Thus 8 t r ansmi t t e r s  dr ive  each polar iza t ion /quar te r  and the  phase 
The phase-control rack containing the  modules i s  
The operation of a s ing le  channel w i l l  be described i n  the  following 
Figure 3 shows a s impl i f ied  block diagram (within the  dashed l i n e s )  of one 
The t r ansmi t t e r  RF 
In opera t ion  the  RF pulse from a t ransmi t te r  coupler i s  power divided 
The mixer output 
Phase cont ro l  i s  e f fec ted  by 
The voltage-controlled s h i f t e r  achieves 
When the vol tage  i n t o  
Pa r t  of the  RF pulse from the t ransmi t te r  coupler i s  fed  t o  a f r o n t  panel 
connector where the phase and amplitude of each channel can be conveniently 
monitored f o r  ca l ib ra t ion .  Pa r t  of t he  RF pulse i s  a l s o  fed  t o  a peak de tec tor  
so t h a t  the  r e l a t i v e  output of the transmitter can be monitored. This monitor- 
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Figure 3. 
ing takes place i n  two ways. 
operation the s igna l  i s  fed  t o  a comparator which dr ives  a p a i r  of redlgreen 
LEDs ( l i g h t  emitt ing diodes) on the  front-panel d i sp lay  (green ind ica tes  reason- 
ab le  t ransmi t te r  output,  red ind ica tes  no or low output).  The s igna l  i s  a l s o  
ava i l ab le  a t  the  input of a computer-controlled multiplexer so t ha t  individual 
t r ansmi t t e r  outputs can be automatically logged. Ind iv idua l  ou tputs  can a l so  be 
manually addressed and read  from a front-panel d i g i t a l  voltmeter. An add i t iona l  
p a i r  of redlgreen LEDs on t h e  f r o n t  panel ind ica tes  proper phase locking. An 
e r r o r  of a f r a c t i o n  of one degree causes a red l i g h t  ind ica t ion  which is a l so  
ava i l ab le  a t  another multiplexer input so t h a t  phase-lock can a l so  be computer- 
logged. 
"quick-look" determination of system s t a tus .  
For a quick-look determination of t ransmi t te r  
The LED indica tor  l i g h t s  have proved t o  be very usefu l  i n  providing a 
The t i m e  constant of t he  phase-control feedback loop has been adjusted so 
t h a t  phase locking i s  achieved i n  about 1 second a f t e r  t ransmi t te r  turn-on. The 
phase i s  automatically cont ro l led  t o  within a f r a c t i o n  of a degree, and the  
r e l a t i v e  phase of each u n i t  can be adjusted by about 4" by a zero cont ro l  on 
each sample and hold. 
by placing a 13-dB a t tenuator  on the  RF amplifier output and feeding t h e  RF 
pulse back i n t o  the  power d iv ide r  input. The lengths  of the RG-58 phase cont ro l  
cables could be changed i n  s t eps  by low-power coaxial  r e l ays  t o  obta in  rap id  
scanning of the  transmitted beam over a l imi ted  zeni th  angle. 
Any channel can be quickly checked fo r  proper operation 
